A rapid and simple method using the detergent Triton X114 to prepare outer membrane proteins from whole cells of bacteria containing mycolic acids, a-alkyl, b-hydroxyl fatty acids is described. SDS-PAGE analysis and subsequent N-terminal amino acid sequencing revealed that the proteins prepared from whole cells by this method were almost identical to outer membrane proteins prepared by the conventional cell-disruption and differential-centrifugation method. Therefore, this method is useful to prepare outer membrane proteins from whole cells of Mycolata, bacteria containing mycolic acids.
INTRODUCTION
Coryneform bacteria 1, 2) are Gram-positive bacteria with high G+C content DNAs. They include ones with specific amino acid productivities 3) , biological degradation activities of various compounds e.g., hydrocarbons [4] [5] [6] or PCB's [7] [8] [9] , and pathogenicty 10) . Most members of this group of bacteria contain mycolic acids as a major component of their cell wall. Although these bacteria are very important from industrial, medical, and environmental points of view, knowledge of the cell-surface structure of these is still limited.
In 1997 10) , Sutcliffe proposed a model of the cell-surface structure of Rhodococcus (Fig. 1A) , a genus belonging to coryneform bacteria, based on Minnikin's model 11) for Mycobacterium, a genus containing mycolic acid other than coryneform bacteria. Recently he modified the model to incorporate data that cell-surface hydrophobicity is corelated with the length of mycolic acids (Fig. 1B ) 12) . According to these models, coryneform bacteria possess two membranes, an outer membrane mainly consisting of mycolic acids and an inner membrane consisting of phospholipids. Periplasmic like space is also present as in the case of Gram-negative bacteria in spite of that these bacteria is Gram-positive. To elucidate the cell-surface structure of coryneform bacteria further experimental evidence is necessary. Only a limited number of the outer membrane proteins, such as a porin [13] [14] [15] [16] [17] [18] [19] [20] , have been characterized. To purify the porin the outer membrane fraction have been prepared by a conventional cell-disruption followed by differential centrifugation. A development of more rapid and simple method for preparation of the outer membrane proteins is necessary to analyze the outer membrane proteins among different strains, mutants, and transformants.
Takai et al. 21) discovered and characterized a 15-kDa specific antigen resided on the cell-surface of equine-pathogenic strains of R. equi using biotin-labeling. Tan et al.
extracted and characterized 15-kDa and 17-kDa of virulence associated proteins from R. equi using a Triton X114 solubilization method 22) . However, it is still unclear whether the outer membrane proteins are undoubtedly solubilized from coryneform bacteria by the Triton X114 method or not.
In this report we examined the proteins recovered from coryneform bacteria by the Triton X114 solubilization method and established a rapid and simple method to prepare the outer membrane proteins from whole cells of coryneform bacteria.
MATERIALS AND METHODS

Bacterial strains, medium and buffers
The Rhodococcus rhodochrous R-1, R-2, S-1 and S-2, derived from R. rhodochrous CF222 23, 24) , and Corynebacterium glutamicum ATCC 1318 were grown at 37˚C on IB plates 25) . 
Cell disruption, and cell surface fraction by differential centrifugation
Cell disruption and differential centrifugation were performed as described previously 15, 26) . Cells of some R. rhodochrous strains were disrupted by French press, and the cell-surface fractions were subsequently prepared by differential-centrifugation as described previously 15 
Sucrose-stepwise gradient centrifugation
Cell surface fractions recovered from the cell extract by centrifugation were applied to stepwise sucrose density gradient centrifugation 14) , and nine factions of the each gradient were collected and applied to GC-MS analysis and SDS-PAGE.
SDS-PAGE and amino acid sequencing
SDS-PAGE was performed as described by Laemmli 27) . After electrophoresis, proteins were transferred to PVDF membranes (BIO-RAD) using TRANS-BLOT SD SEMI-DRY TRANSFER CELL (BIO-RAD). Bands were cut from the blotted membranes and their N-terminal amino acid sequences were determined by ABI peptide sequencer (ABI model 492 Protein Sequencer).
Mycolic acid analysis
Nine samples fractionated by the sucrose-stepwise gradient centrifugation were fully hydrolyzed with 10% KOH. The mycolic acids were extracted from the samples and their methyl esters were prepared as described previously [28] [29] [30] . The samples were subsequently applied for GC-MS analysis that was performed with a QP-5050 instrument (Shimadzu) fitted with a fused silica capillary column (DB-1, 15 m long, 0.25 mm in diameter; J&W Scientific). The operating temperature of the injection and interface were 325˚C. The column temperature was set at 200˚C for 3 min, increased to 325˚C at a rate of 3˚C/min and kept at 325˚C for 3 min.
Triton X114 solubilization
Triton X114 solutions (A and B) were prepared as described previously 31, 32) . Membrane proteins solubilized with Triton X114 were precipitated by the addition of methanol and chloroform as described previously 33, 34) before SDS-PAGE analysis.
Solubilization of whole cell
Cells were washed thoroughly three times with PBS buffer and resuspended in 0.5 ml Triton X114 B solution. The suspension was added and mixed well (forming was avoided) with 50 ml of Triton X114 A solution, and kept at 4˚C for 30 min. The mixture was then added with 0.5 ml ice-cold Triton X114 A solution and centrifuged at 15,000 x g for 10 min at 4˚C. After kept at 37˚C for 20 min, the supernatant was then centrifuged at 15,000 x g for 10 min at 37˚C. Subsequently, 500 ml each of ice cold Triton X114 A solution and PBS buffer were added to the lower layer. After kept at 4˚C for 30 min followed by at 37˚C for 20 min, the mixture was centrifuged at 15,000 x g for 10 min at 37˚C in order to recover the lower layer. This step was repeated twice to remove contaminating soluble proteins. Resulting membrane proteins were precipitated by the addition of methanol and chloroform as described previously 33, 34) . . A and B show mycolic acid bilayer and mycolic acid monolayer, respectively.
RESULTS AND DISCUSSION
Comparison of the Triton X114 solubilized proteins from whole cells and cell surface fraction
The cell-surface fractions and the whole cells, both of which were prepared form R. rhodochrous strains, were solubilized with Triton X114 subjected to SDS-PAGE. Typical patterns of their SDS-PAGE are shown in Fig. 2 (lanes of odd numbers, cell-surface fractions; lanes of even numbers, whole cells). As results of a number of independent experiments, the profiles of SDS-PAGE of each strain were almost the identical among the independent experiments. The almost identical patterns of solubilized proteins between the cell-surface fraction and the whole cells of each strain indicate that Triton X114 selectively solubilize the cell-surface proteins.
Comparison of the Triton X114 solubilization method and the conventional cell-disruption and differentialcentrifugation method
The cell-surface fraction was applied to a sucrose gradient centrifugation (Fig. 3A) . Mycolic acid was detected only from fraction No. 7 (F7; Fig. 3 B) . SDS-PAGE analysis showed that F7 contained a set of distinct proteins that were not detected in the other fractions (Fig. 4) , suggesting that outer membrane was specifically localized into F7 fraction. The SDS-PAGE profiles were almost the same between F7 (Fig. 4, lane 8) and Triton X114-solubilized proteins from the whole cells (Fig. 4, lane 11) or the cell surface fraction (Fig. 2) . Several bands were excised and their N-terminal amino acid sequences were determined. The sequences of bands with the same mobility were identical in their N-terminal amino acid sequences (data will appear elsewhere). These data suggest that Triton X114 specifically solubilize the outer membrane proteins of R. rhodochrous. Figure 5 shows typical and reproducible profiles of Triton X114-solubilized proteins from whole cells of other Rhodococcus species, and other bacteria belonging to the coryneform bacteria as well as Mycobacterium. The distinct pattern obtained from each bacterium and the each pattern was identical among more than ten-times independent experiments. Thus, we describe here a rapid and simple method using the detergent, Triton X114 to prepare outer membrane proteins from whole cells of bacteria containing mycolic acids. Since cell disruption or sucrose density gradient centrifugation is not required, this method can be carried out without any specific and expensive laboratory equipment. More specimens can be easily analyzed by this method.
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